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I. INTRODUCTION 


The United States has been recognized as the leader of the free world for many 
years. [The responsibilities of that leadership and the global nature of the nation’s other 
Strategic and defense interests require the United States Armed Forces to be prepared 
for a wide variety of mulitary actions. Planning is an essential element of the 
preparation, and mulitary planners continually develop, update, and revise plans for 
many contingencies. Imbedded within these plans are troop replacement, medical, and 
wartime training requirements, to name a few. Should a particular contingency arise, 
actual requirements such as these are dependent upon how many casualties will occur 
during the conflict. The number of casualties that will occur is, of course, unknown and 
casualties must be estimated. Thus, casualty estimation is vital to the proper 
development of contingency plans. 

Estimating casualties for a contingency plan is one of the most difficult problems 
faced by wartime planners. This is so for many reasons, but only a few will be 
mentioned here. First the scenario must be defined. Planners must determine, for 
instance, the number and type of enemy and friendly forces to be employed and how 
that employment will occur, the effectiveness of the enemy’s weapons, the training level 
and morale of the enemy troops, the potential for nuclear, biological, and chemical 
warfare, and so on. Most scenario elements concerning the opposing forces are 
provided by intelligence reports and estimates, but some are determined by plain old 
‘crystal balling’. After the scenario has been well defined, the casualties must be 
estimated, and two possible sources of casualty estimates are data bases from previous 
conflicts and experimentation. However, due to the advances in weaponry since Viet 
Nam, casualty data that exist from past combat experiences are not suitable for 
predicting casualties in future hostilities, and collecting casualty data experimentally 1s 
neither possible nor practicable. Indeed casualty estimation is a difficult problem and, 
in general, the military has turned to computer simulations for a solution. 

A computer simulation used for casualty prediction can usually be classified as 
one of two types. It can be either a high resolution model or an aggregate model. An 
aggregate model determines losses based upon some measure of the combat 


effectiveness of an entire unit against its opponent. A high resolution model is much 


more detailed, often taking into account the effectiveness of each weapon system on 
the opposing force, weather and terrain factors, individual unit movements, and so 
forth. Each type of model has advantages and disadvantages when compared to the 
other. An aggregate model is relatively easy to construct and maintain, but the result is 
an aggregate casualty estimate based upon force-on-force comparisons. Conversely, a 
high resolution model may result in detailed casualty estimates for subsets of a larger 
military force. However, a high resolution model is costly to build, maintain, and 
operate. 

Headquarters, United States Marine Corps (HQMC) requires casualty estimates 
for planning purposes. In the past, estimates were determined for HQMC planners by 
aggregate models resulting in aggregate casualty estimates. That is, for a specified 
scenario only foral casualties were estimated. Recently the need for more detailed 
manpower planning was recognized and, therefore, aggregate casualty estimates are no 
longer sufficient. The more detailed planning requires casualty estimates for each 
military occupational specialty (MOS) and rank, which we shall call casualty 
stratification. 

The objective of this thesis is an algorithm that will provide, for a given scenario, 
casualty estimates by mulitary occupational specialty and rank. We begin our 
discussion in the next chapter by considering what is known about the problem and 
some assumptions that are required for our casualty stratification algorithm. In the 
following chapter we discuss the necessary probabilistic concepts, and Chapter IV 
provides a completely worked example. Chapter V concludes this thesis with a 


discussion of how the model can be enhanced for added realism and usefulness. 


Il. STRUCTURING THE PROBLEM 


A. THE BASIC ASSUMPTIONS 

The first step in developing our casualty stratification algorithm will be to discuss 
what 1s known, or assumed to be known, about the problem. Suppose we are interested 
in stratifving the casualties for a particular contingency plan. As mentioned in the 
introduction, a casualty estimate pertains to a specific scenario. Therefore, we will 
assume that the scenario is well defined and that, for some time period, the following 
are known: 

® initial strengths of the friendly and enemy forces, 


© number, type, and maximum effective ranges of the weapons to be ni by 
the enemy forces, 


e the approximate locations of the enemy’s weapons, 
e the width and depth of the battlefield, 
e the intensity of combat as measured by the firing rates of the enemy’s weapons, 


¢ how each military occupational specialty will be deployed within the area 
occupied by the friendly forces. 


We assert here that the initial strength of the friendly forces is known. This means the 
initial strength of each military occupational specialty 1s known, and within that, we 
know the mulitary rank structure of each MOS. 

A casualty estimate would be meaningless if it were not related to the time in 
combat for which the estimate was made. Suppose that for our scenario we were given 
an estimate of 276 casualties. Probably the first question that one might ask would be 
something like: Is that the number of casualties we can expect during the first day, 
week, or month, or is it for the second and third months combined, or... ? Obviously 
an estimate becomes significant only with the perspective of time. Thus, when we refer 
to a casualty estimate, we will be making the implicit assumption that we know the 
length of time for which the estimate applies. Time in conflict, and time period will be 
used interchangeably, but both have the same meaning as the length of time for which 
a casualty estimate applies. When we refer to initial or terminal strengths, we mean 
the strengths at the beginning or end, respectively, of this time period. 

We will make three assumptions concerning the weapons being fired into the 
friendly force’s area. These assumptions are that: 


® weapon positions remain constant during the time period, 
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e all of the enemy’s fire is unaimed during the time period, and 


e all weapon impacts are independent and uniformly distributed within known 
areas. 


By unaimed fire we mean that the enemy’s weapons are being fired into the fnendly 
force’s area without regard to target locations. In other words, the weapons are not 
being aimed at anv Specific targets. 

The basic assumptions made in this section provide a starting point for 
Structuring our problem of estimating casualties for each MOS and rank in a given 
scenario. We will now discuss the fundamental ideas which underlie how we propose to 
further structure the problem. 

Consider an arbitrary scenario. If all individuals of each rank and MOS were 
exposed to the same risks on the battlefield, then all individuals would have the same 
chance of becoming a casualty. It is most likely that this would not be the case, and 
the basic idea behind our algorithm is to focus on those factors which cause differences 
in the chance of survival for each MOS and rank. 

The first factor which we consider is location on the battlefield. Some individuals 
would be located near the forward edge of the battle area (FEBA) where the hazards to 
their survival would probably be greater than at some distance from the FEBA. 
Therefore, our algorithm considers the hazards, or risks, associated with different areas 
of the battlefield. 

An individual’s chance of survival also depends upon the length of time he its 
exposed to the hazards and the firing rates of the enemy’s weapons. Clearly, the chance 
for survival decreases as exposure time and firing rates increase. For a given scenario 
we have a fixed time period, so the time factor will not be explicitly addressed. 
However, we will consider the effect firing rates have on survival probability. 

Another factor which we will consider is the difference in vulnerability to the 
enemys weapons. We can illustrate this point with a simple example. Suppose a tank is 
operating in an area with an infantryman, and artillery is being fired into that area. 
Clearly, the infantryman is more vulnerable to an artillery round than is a crewman in 
the tank. Thus, the infantryman’s chance for survival is less. 

To briefly summarize, our solution approach will be to isolate, for individuals of 
each rank and MOS, three factors that influence their chance for survival. Those 
factors are: 

1) location on the battlefield, 


2) the firing rates of the enemy’s weapons, and 


3) vulnerability to the enemy's weapons. 
The next two sections of this chapter deal-with items | and 2, respectively, and Chapter 
III addresses vulnerability. 


B. DIVIDING THE FRIENDLY FORCE’S AREA INTO ZONES 

The preceding section discussed the basic assumptions of the model and the 
factors considered to be fundamental to an individual’s survival. The first factor we will 
discuss is location on the battlefield, and we begin by considering a snapshot of the 
battlefield for our scenario. Let us first view the situation as being static. The positions 
of all forces are known and constant, and we can, therefore, determine the location of 
the forward edge of the battle area (FEBA). 

For a given scenario we Know the maximum effective ranges of the enemy's 
weapons and approximately where those weapons will be located. Now consider only 
the area occupied by the friendly forces and the location of the enemy’s weapons and 
their ranges. We can divide the friendly force's area into zones according to distance 
from the FEBA, such that the number of weapons that can be fired into each zone 
decreases as the zones are farther away from the FEBA. For instance, suppose that the 
enemy has three different types of weapons, that there is a large number of each of 


these weapons, and the maximum effective ranges and distances beyond the FEBA are 


as follows: 
Weapon Type Distance Beyond the FEBA (M) Max. Range (M) 
800 3,000 
2 3,500 8,000 
3 400 1,200 


We see that for each type of weapon there is a maximum distance that it can be fired 


into the friendly force’s area. For our example the distances are: 


Weapon Type Max. Distance (M) 
2,200 
2 4,500 
3 800 
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Now we can divide the friendly force’s area into four adjacent zones based on 
these maximum distances. We shall refer to the distances from the FEBA that define 
each zone as its zonal limits, and those weapons which can be fired into a zone as its 
zonal weapons. Doing so for our example provides the zonal limits and zonal weapons 


as depicted in Figure 2.1. 
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Figure 2.1 An example of zones in the friendly forces area. 


We are now ready to consider the friendly forces in the static battlefield. Recall 
that, for a well defined scenario, we know how each MOS will be deployed within the 
friendly force’s area. It is clear that all individuals of an MOS may or may not be 
located in the same zone and, therefore, may not be facing the same zonal weapons. 
Keep in mind that our casualty estimate is associated with some time period. For a 
short period of time, we can consider the Zones stationary, and if we now allow the 
friendly forces positions to change during this length of time, the individuals of an 
MOS may move from one zone to another, then to a third zone, and so on. Each time 
an individual moves from one zone to another he faces a different potential threat, 1.e., 
the zonal weapons. Therefore, to account for the effect of location on an individual's 
chance for survival we will assume that: 


® we can estimate the proportion of the time period that an individual of each 
rank and MOS would spend in each zone, and 


e individual positions are independent and uniformly distributed within each zone. 
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Let us briefly summarize what we have discussed in this section. Based upon the 
locations and ranges of the enemy’s weapons we can divide the friendly force’s area of 
the battlefield into adjacent zones, thus defining the zonal limits and zonal weapons. 
Given the time period, we can estimate how long an individual of each rank and MOS 
will be in each zone, and individual positions are uniformly distributed within the 
zones. 

Dividing the friendly force’s area into zones as described provides a way to 
account for the effect of battlefield location on an individual’s survival. The zonal 
weapons represent a potential hazard to an occupant. We say potential for two reasons: 


1) an occupant of a zone will only encounter hazards when the zonal weapons 
are, in fact, firing into the zone, and 


2) an occupant of a zone cannot become a casualty if he is invulnerable to all 
zonal weapons. 


The following section discusses the first point above. That is, how we can capture the 
effect of the firing rates on an individual’s chance for survival. The topic of 


vulnerability is addressed in Chapter ITI. 


C. THE ZONAL FIRING RATES 
The previous section described how the friendly forces area can be divided into 
zones such that within each zone there is a different porential hazard. Clearly, an 
individual’s probability of surviving within a zone is affected by the firing rates of the 
zonal weapons. In this section we consider how we will deal with the firing rates in our 
model. 
It is reasonable to expect the military planners who are developing a contingency 
plan to have some concept of how intense the combat would be for their scenario. 
| Thus, for a given scenario, the combat intensity, as measured by the firing rates of the 
enemys weapons, would be known (or at least could be estimated). This implies that 
we Can assign (estimated) values to the total firing rate of each type of enemy weapon. 
t is also reasonable to expect the planners to be familiar with the enemy’s doctrine 
concerning target lists and priorities, and the coordination and use of supporting arms. 
Therefore, the planners should be able to further estimate the proportion of total 
rounds from each type of weapon that will be fired into each zone. It follows that we 
can estimate the rate at which each weapon would be firing into each zone. We shall 
call these rates the zonal firing rates. 


We now make two important assumptions: 
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1) the arrival of impacts from each weapon in each zone constitute a Poisson 
process, and 


2) the zonal firing rates are constant during the time period. 

We are assuming constant zonal firing rates. However, in reality, presuming the 
enemy will suffer losses and that there are no enemy reinforcements during the tme 
period, the zonal firing rate of a weapon will actually decrease over time. Suppose a 
zonal firing rate for one type of weapon would actually be as shown in Figure 2.2. 
Since the firing rate 1s changing over time, the arrivals of umpacts in the zone actually 
constitute a non-homogeneous Poisson process. Let I(t) be the firing rate at tme t. 
For a non-homogeneous Poisson process, the mean number of arrivals in the time 


interval (t,,t,) 1s 


71) dt, 

a 
or the area under the curve I(t) between t, and t, (Ref. 1: p.221]. We denote this area 
as B, as shown in Figure 2.2. 

- Let X(t,,t,) be the number of rounds to impact in the Zone in the time interval 
(t,,t.). Suppose the rounds are being fired by a weapon whose firing rate is as shown 
in Figure 2.2. Then X(t,,t,) is a Poisson distributed random variable with mean B 
wee. i: p221). 


For the same time interval] (t,,t,) we can find a constant firing rate, A, such that 


% 
B=i(t,-t,) = J M(t) dt. 
7 


Thus, the probability distribution of X(t, ,t,) is the same regardless of how B is 
computed. If the function I(t) is known it should be used to compute B. However, if it 
is unknown we can estimate, for each weapon, a constant A which we call the zonal 
firing rate. 

[f the Zonal firing rate of Figure 2.2 were increased for the time period (t,,t,), B 
would increase and the probability distribution of X(t,,t,) would be more skewed 
toward higher values. Clearly, an individual’s chance for survival within a zone 


decreases as the zonal firing rate increases. 
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Figure 2.2, Computing the mean number of impacts during (t,,t,) 
for a weapon with a decreasing firing rate. 


Again we will briefly summarize where we stand with our problem. We have a 
well‘defined scenario and for a specified time in conflict, we wish to estimate casualties 
for each MOS and rank. We can establish zones in the friendly force’s area and we 
know which weapons can be fired into each zone. We assume that the enemy’s fire is 
unaimed, that we can estimate the zonal firing rates which are constant for the time 
period, and that the impacts are independent and uniformly distributed within each 
zone. We know the proportion of the time period each rank and MOS spends in each 
zone, and individual positions are independent and uniformly distributed within each 
zone. 

[n this chapter we have attempted to structure the problem. We discussed what 
Is assumed to be known about the problem, we defined some terms, and we discussed - 
two of the three main ideas underlying our algorithm. Specifically, we discussed the 
effect on survival of: 

1) the location on the battlefield, and 
2) the firing rates of the enemy’s weapons. 
The third factor which fundamentally affects an individual's chance for survival 1s 


his vulnerability to the enemy’s weapons. By vulnerability we mean the probability that 
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an individual will become a casualty, given his distance from a weapon’s impact point, 
i.e., a miss distance. Thus, we define vulnerability as a single-shot conditional 
probability of kill, We are now ready to consider an individual’s vulnerability and his 
chance for survival and derive our equation for estimating casualties. We do so in 
Chapter ITT. 
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III. DERIVING AN EQUATION FOR THE CASUALTY ESTIMATES 


In the first section of this chapter we will discuss the third factor we consider 
basic to an individual’s chance for survival on the battlefield; his vulnerability to the 
enemys Weapons. However, as our earlier definition implhed, we will in fact be 
discussing conditional kill probabilities. Then, in the second section of this chapter, we 
will combine the effects of the three fundamental factors to find the probability that an 
individual will survive a period of time on the battlefield. In the final section we will 
derive the basic equation we use to estimate the number of casualties for each rank and 
MOS for the example in Chapter IV. Finally, in Chapter V we discuss several 
enhancements to the model. 

For the remainder of our discussion we will suppose that the friendly forces are 
composed of m MOS’s and r ranks, and that the enemy is firing w weapons into Z 
zones. We shall use the following indices: 

h = rank; h = 1,2,5...r, 
1 = MOS;1 = 1,2,3...m, 
] = weapon; j = 1,2,3...w, 


k = zone; k = 1,2,3...z. 


A. VULNERABILITY 

Before we can find an individual’s probability for survival, we must be able to 
characterize his vulnerability to the enemy’s weapons. In other words, we must model 
the probability of kill conditioned on the muss distance, in accordance with our 
previous definition of vulnerability. Suppose we consider the effects of a weapon to be 
restricted to a circular area centered on its impact point. Suppose also that a target 
within this area becomes a casualty with probability I.0, while a target outside of this 
area survives with probability 1.0. A weapon whose effects are modeled in this manner 
has been termed a “cookie cutter” weapon (Ref. 2: p.15-6]. We will consider the 
enemy s weapons as cookie cutter weapons. 


For a cookie cutter weapon 


Pct) = { I whend S LR 
Owhend > LR, 
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where d is the miss distance, and LR, the lethal radius, is a constant. We see that an 
individual either becomes a casualty, i1.e., d S LR, or he does not, 1e, d > LR. We 
will assume that the lethal radius is the same for all ranks of an MOS, and that for 
each MOS 1 and weapon j the lethal radius, ( LR),., is known. Clearly, any difference in 
vulnerability to the enemy’s weapons will be reflected by different lethal radii. 

We have now discussed the third factor underlying our algorithm: an individual's 
vulnerability to the enemy’s weapons. In the next section we will combine the three 
fundamental factors to determine an individual’s chance for survival, and, in the final 
section of this chapter, we will derive our equation for estimating the number of 
casualties for each rank and MOS. 

The important points to keep in mind are: 


¢ personnel positions and weapon impacts are independent and uniformly 
distributed within each of the z zones, 


e the arrival of weapon impacts constitute independent Poisson processes with 
rates his and 


e for each MOS 1 and weapon j the lethal radius, ( LR).., is known and applies to 
all ranks h. 


B. THE PROBABILITY OF SURVIVAL 

In this section we wish to determine an individual’s probability of surviving some 
time period on the battlefield. In order to do so we must first consider the single-shot 
unconditional probability of kill for each MOS and weapon. This will lead us to 
deriving our equation for the casualty estimates in the following section. 


For a cookie cutter weapon, the unconditional probability of kill, P(k), is 
Fos) = P(KidyP(d = LR) = (1) P(d s LR). 


Given that an individual’s position 1s uniformly distributed within a zone, P(d < LR) 
is equal to the probability that an individual will be located within a circle of radius LR 
which is centered on an impact point [Ref. 2: p.15-8]. It follows that 


P(k) = P(d S LR) = m(LR)*/ A, 
where A, is the area of zone k. Thus, we know the single-shot probability that an 


individual of MOS 1 will become a casualty in zone k due to weapon j. It is 


m (LR),.” 
Pk), = (3.1) 
Ay 


For an individual in a zone into which one weapon is firing at a rate hus the 
arrival of impacts constitute a Poisson process with rate his Suppose there is a 
probability, P(K) is that each shot will cause the individual to become a casualty, By 
the thinning property of the Poisson process, rounds that will cause the individual to 
become a casualty constitute a Poisson process with rate P(K) Aa (Ref. 1: p.204]. 

This holds for each of the w weapons. Thus, there are w independent Poisson 
processes. The rates of independent Poisson processes are additive, and the total arrival 
rate of casualty-producing rounds for MOS i in zone k is R,= 2, P(k) A ik 
(Ref. 2: p.5-9]. If X(T) is the number of impacts that occur during a on period of 
length T in zone k, and those impacts cause casualties to MOS 1, then X(T) is a 


Poisson distributed random variable with mean TR... Therefore, we can write: 


P { individual of MOS 1 survives a time period of length T in zone k } 
me i mm 
= expe eee 


= exp { -T 2%. , P(K) A ik I 


For example suppose there are four weapons, and tne firing rates into zone 2 are 


as follows: 


hy> et ale 
ho, = 8 /hr, 
3. = Q /hr, 
hay = 3 /hr. 


Further suppose an individual of MOS 1 occupies the zone for two hours (T = 2.0), and 
the associated single-shot kill probabilities are: 
P(K), 1,5 = 0.063, 

P(k) 155 = 0.042, 

P(k),35 = 90.085, 

P(K)) 4. = 0.107. 
There are four independent Poisson processes involved, one for each weapon. The total 
arrival rate of impacts in zone 2, that will cause the individual to become a casualty, is 


the sum of the rates of the four independent Poisson processes. It is 


Sp pz ; P(k)i A k? 
R,, = { (0, 063)(6) + (0.042)(8) + (0.085)(0) + (0.107}3) } / hr, 
Ri> = 1.035 / hr. 
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After a time period of two hours: 


P { individual of MOS 1 survives two hours in zone 2 } 
=P Mod) = 09 

exp { -(2) (1.035) } 

Oa 6. 


From the scenario we can estimate the proportion of the ume in conflict that an 
individual of MOS 1 and rank h will be 1n each zone. We shall denote these proportions 
asd... and note that x Fup = 1.0, for all 1 and h, since each individual must be within 
the friendly force’s area for the entire time period. Additionally, it is noted that a@.,_ is 
also the fixed proportion of MOS 1 and rank h that would occupy zone k during the 
time period. [In order for an individual of MOS 1 and rank h to survive a time period 


of length T, he must survive in each zone k for the length of ume Ta.,_. Thus, 


P { individual of MOS i and rank h survives a time period of length T } 


I], P { individual of MOS i and rank h survives in Zone k for a time Ta,,, } 


IT, exp {-Ta,, Ry } 


exp{-T dai, Ry J 


exp {-T La... 2, P(k).. he }, (62) 


Now that we have an equation to calculate the probability of survival for an individual 
of MOS 1 and rank h, we can proceed to find an equation that will yield the casualty 
estimates. 


C. THE CASUALTY ESTIMATES 
Equation 3.2 1s the expression for an individual’s probability of surviving a length 
of time T on the battlefield. The complement of this probability is 


P { individual of MOS 1 and rank h becomes a casualty during the time period T } 
= 1-exp{-T La,, x. P(k). he }. 
This probability can also be estimated by 


Cx(D/ Nig 


ly 


where Ca is the number of MOS 1, rank h casualties at time T, and Nia is the initial 
strength of MOS i and rank h. Thus, 


CAT) / Ny = P { individual of MOS i and rank h becomes a casualty 
during the time period T }, 


CCT) = Nip { 1 - exp(-T Ly Gin = P(K) iy he ae 


for all i,j, k, and h. Now substituting for P(K) from Equation 3.1 yields 


(LR),;” 
Coal) = No i ear” oe had}. (3:35 


k 


This is the equation we will use to estimate the number of casualties to MOS i 
and rank h. Note that all N., @.., hive and (LR); are known, or can be estimated 
from the scenario. Thus, for a given time in conflict T, the casualty estimates can be 
computed directly from Equation 3.3. | 

The casualty estimates that would result from Equation 3.3 reflect the three 
factors we consider fundamental to an individual’s survival for the time period T. 
Location on the battlefield is taken into account by the a.,,. They reflect the amount 
of time that an individual of MOS 1 and rank h, or the fixed proportion of MOS 1 and 
rank h that, is exposed to the potential hazards of zone k. The firing rates, hive clearly 
affect the casualty estimates, and vulnerability is represented by the lethal radi and 
zonal areas. This section concludes the development of the algorithm. Chapter IV 


contains a worked example for a hypothetical scenario. 
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IV. EXAMPLE 


This chapter provides an example of using our model to predict the casualties for 
a hypothetical scenario. Although the situation is very simple and the values chosen 
for the variables may not be realistic, the example will, nonetheless, illustrate the use of 
the model. Some of the information required by the model would be known for our 
scenario and some must be estimated. That distinction will be made clear throughout 
eiesexample. 

For our hypothetical scenario we know the tvpe, number, and ranges of the 
enemys weapons, and we know the doctrinal placement of those weapons on the 
battlefield. Suppose the enemy's arsenal is composed of five tvpes of weapons. and the 


distance beyond the FEBA and the maximum range for each weapon Is: 


Weapon Type Distance Beyond the FEBA (M) Max. Range (M) 
l 1,500 6,700 
2 800 6,000 
3 2,000 4,500 
4 1,000 3,500 
5 700. 1,500 


We see that the maximum distance into the friendly force’s area that each weapon can 
be fired is: 


Weapon Tvpe Max. Distance (M) 
l 5,200 
2 5,200 
5 2,500 
4 2,900 
5 800 


We can now establish the zonal limits and determine the zonal weapons. They are: 


ZA 


Zonal Limits (m) Zonal Weapons 


Zone | FEBA - 800 LZ, 
Zone 800 - 2500 LZ asa 
Zones 2500 - 5200 Pe. 


We must now estimate the zonal firing rates. Suppose the total firing rate of 
each type of weapon has been estimated by the method discussed in Chapter II, 
Section C, and that we have estimated the proportion of rounds from each weapon to 


be fired into each zone. We can then estimate the zonal firing rates as follows: 


Est. Firing Est. Proportion Est. Firing Rate 
Rate (/hr) Into Zone Into Zone 
l 2 3 I p 3 
W ST SS ee 
hee 20. 0.60 0.30 0.10 12.00 6.00 2.00 
J I] 35 0.15 0.25 0.60 5.25 8.75 21.00 
P 3 50 0.45 OS a ar0e 22.50 27.50 0.00 
O 4 40 0.30 0.70 0.00 12.00 28.00 0.00 
5 
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60 1.00 0.00 0.00 60.00 0.00 0.00 . 


This is all of the information we need concerning the enemy. We will now turn 
our attention to the friendly forces in our scenario. Suppose there are four MOS’s, that 


each MOS has within it the same three ranks, and the initial strengths are as follows: 


MOS 1 MOS 2 MOS 3 MOS 4 
: ae ss eee a 
A l 60 50 135 35 
N 2 100 | 75 Ils: 35 
K 


40 125 20 30. 


We know how the friendly forces would be deployed on the battlefield, and we 
can determine the width of the friendly force’s area. If the friendly forces would be 


displaced along a five hundred meter front, the zonal areas are: 


Puy 


Zonal limits (m) Area (km?) Area (m*) 


Zone 1- FEBA - 800 0.40 4.0 x 10° 
Zone 2 800 - 2500 0.85 8.5.x 10° 
Zone 3 2500 - 5200 1.35 1.35 x 10°. 


We have examined the missions of each rank and MOS and estimated the 
proportion of a time period that individuals of each rank and MOS would spend in 


each zone. The estimates are: 


MOS | MOS 2 MOS 3 MOS 4 

Zone Zone Zone Zone 
R le 3 ie 3 1 2 3 | 
A l (3) ey ae yee 4 5 OMS 2 
ZN 2 Sa 7 mees i. Ome Omer.) 
K 3 5 een eee sa Os 2 a er OL 55 r/ 


The last data we need are the lethal radu. Suppose they are (in meters): 


MOS 1 MOS 2 MOS 3 MOS 4 
W eee So 
E ! oT 35 10 16 
ie 2 35 45 13 21 
P 3 15 20 6 
O 4 0. 15 5 
NO 40 53 16 24 


We now have all.the information we need to compute the casualty estimates. 
Our equation for estimating the number of casualties for MOS 1 and rank h during a 


time period of length T is 
C,(T) = Ny (1 -exp(-Tr day, (1/A,) S(LR)7 4.) }, (4.1) 


for 1= 1,2,3,4 and h=1,2,3. We will work through the calculation for MOS | and rank 
1 and then provide the results for the others. For MOS 1 and rank |: 
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i= ee (05 A, = 4.0.x 10° m? (LR),, = 27m 

h = 1 O,  enOZ A, = 8.5.x 10° m? (LR),, = 35m 

Ni, = 60 U3 = Of A, = 1.35x10°m? = (LR), , = 15m 
(LR),, = Om 
(LR),, = 40m. 


The estimated firing rates were given earlier, but we will now list them explicitly. 


They are: 
hay = 12.00 hi> = 6.00 LE = 2.00 
ho, = 5.25 hos = $8.75 h,, = 21.00 
ha, = 22.50 ha, = 27.50 h3, = 0.00 
hay = 12.00 hao = 28.00 ha; = 0.00 
hey = 60.00 hes = 0.00 hs3 = 0.00 


It would be cumbersome to write out Equation 4.1 completely. Therefore, we 
will compute the argument of the exponential first. Substituting the appropriate values 


into 
Do 
Oak {1 / Ay \ = (LR). he 
we have: 
for zone l, 


k=l, 
Z 
O15, 01/4, } (LR), he 
4.0x10° 
= 0.1744; 


{(27)*(12) + (35)*(5.25) + (15)7(22.50) + (0)7( 12.00) + (40)7(60.00)} 





for zone 2, 


k=2, 
@i9{1/A,} E(LR)7 2.5 
0.2 
inc {(27)?(6.0) + (35)*(8.75) + (15)?(27.50) + (0)7(28.00) + (40)7(0)} 
= 0.0050; 
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and for zone 3, 
k= 3, 
M3 (1/ Ag} E(LR)? 4; 

02 , -\? 2 2 2 
soir: {(27)*(2.0) + (35)*(21.0) + (15)7(0) + (0)*(0) + (40)*(0)} 
= 0.0040. 


Summing over the zones, k, yields: 


2 
EG el 1/ Ay} Z(LR)? 2, 
= 0.1744 + 0.0050 + 0.0040 
= 0.1834. 


Now substituting into Equation 4.1 we have: 


eepe  N, t exp (-1 ex 071854) }, 
C,,(1) = 60 { 1 - exp(-T m x 0.1834) }. 


If we want to estimate the casualties for a four hour time period, then: 


C, (4) = 60 { 1 - exp(-4m x 0.1834) }, 
C, (4) = 54.01, 


which could be rounded to 54. We estimate the other casualties, rounded to the 


nearest integer, to be: 


EL) pit86, 
C,,(4) = 18, 
C,(4) = 42, 
ara oT 
Ca) = 55; 
©) a Si, 
€4) = 10, 
C,3(4) = 17, 
C,4,(4) | 
C43(4) = 
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As a percentage of initial strength the casualty estimates range from a high of 
90.0% for MOS | and rank 1, to a low of 10.0% for MOS 4 and rank 3. This large 
difference can be explained by contrasting the input data that reflect the three factors 
we consider fundamental to an individual’s chance for survival. For this scenario, 
individuals of MOS 4 and rank 3 would spend seventy percent of a time period in zone 
3 where there are only two zonal weapons, whereas individuals of MOS 1 and rank | 
would spend sixtv percent of a time period in zone | with five zonal weapons. Thus, 
location on the battlefield causes greater potential risks for individuals of MOS 1 and 
rank |. 


We estimated the zonal firing rates as follows: 


Est. Firing Est. Proportion Est. Firing Rate 
Rate (/hr) - [nto Zone Into Zone 
1 2 3 1 2 3 

W 
Enel 20 0.60 0.30 0.10 12.00 6.00 2.00 
A 2 35 OCIS” ORS. ~~ 060 5.25 8.755 21200 
aes 50 0.45 0.55 0.00 22.50 27.50 0.00 
O 4 40 0.30 0.70 0.00 12.00 28.00 0.00 
iNeS 60 100 0.00 90.00 60.00 0.00 0.00 . 


Suppose they had been estimated to be: 


Est. Firing Est. Proportion Est. Firing Rate 
Rate (/hr) Into Zone Into Zone 
l 2 3 l 2 3 

W 
Eni 20 0.70 0.30 0.00 14.00 6.00 0.00 
A 2 35 0.75 0.25 0.00 26.25 8.75 0.00 
Eweo 50 0.45 0.55 0.00 22.50 27.50 0.00 
O 4 40 0.30 0.70 0.00 12.00 28.00 90.00 
N  § 60 1.00 0.00 0.00 60.00 0.00 90.00 . 


We see that compared to the former estimates two of the zonal firing rates for 


zone 3 have decreased and those for zone 1 have increased. It follows that the risks to 
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occupants of zone | have increased, and for zone 3 the risks have decreased. We would 
expect the casualty estimate for MOS | and rank I to increase from the former value 
of 54 and the casualty estimate for MOS 4 and rank 3 to decrease from 3. In fact, 


using the latter set of firing rates provides the following estimates: 


C, (4) = 56, which is 92.8% of initial strength, 
C43(4) = |, which is 3.8% of initial strength . 


Individuals of MOS 4 are less vulnerable to all but one of the enemy’s weapons 
than are individuals of MOS 1. The difference in vulnerability is reflected by the 
different lethal radii. If we exchanged the lethal radii between MOS 1 and MOS 4, 
with all other data used for the original casualty estimates held constant, the estimates 


would be: 


C,,(4) = 34, which is 56.7% of initial strength, and 
C,3(4) = 7, which is 23.3% of initial strength. 


We see that by increasing the lethal radu for MOS 4 the casualty estimate C,,(4) rose 
from 3 to 7. C,,(4) decreased from 54 to 34 due to a decrease in the lethal radu for 
MOS 1. 

The example of this chapter illustrates the use of the model for a simple, 
hypothetical scenario. The model is not complex, it does not require a large amount of 
input, and the casualty estimates are easily computed. In the next and final chapter of 
this thesis we will discuss how the model can be enhanced for added realism. 


Dik 


V. ENHANCING THE MODEL’S REALISM AND USEFULNESS 


In Chapters II and III we developed an algorithm to forecast casualties, and 
Chapter [IV provided an example of using the algorithm with a simple scenario. The 
algorithm focuses on three factors which are considered fundamental to an individual's 
survival on the battlefield. Those factors are: 

1) an individual’s location on the battlefield, 

2) the firing rates of the enemy’s weapons, and 

3) an individual's vulnerability to the enemy’s weapons. 
To isolate the effects of these factors on the probability of survival for individuals of 
each rank and MOS, our model requires some input data and several assumptions. The 
first two factors listed above are taken into account by input data. Specifically, we 
discussed the fact that the planners would have to provide two sets of data. One set is 
the proportion of a time period that an individual of each rank and MOS would spend 
in each zone (the a@.,), and the second set is the zonal firing rates (the hiv), To 
account for the effect of the third factor above, we defined vulnerability as the 
probability of kill conditioned on the miss distance d. We were then able to compute 
the unconditional, single-shot kill probabilities, P(K) i by assuming that: i 

1) all of the enemy’s fire is unaimed, 


2) the effects of the enemy’s weapons can be adequately modeled with the 
cookie-cutter concept, and 


3) individual positions and weapon impacts are uniformly distributed within each 
zone. 


In this chapter we will consider how the model can be enhanced to provide added 
realism in two ways. First, we will discuss situations where the above mentioned 
assumptions would not hold. We will see that our algorithm is flexible enough to 
accommodate assumptions other than those we made to compute the P(K). Secondly, 
we will discuss how values for the a@.,, and the hiv might be determined. Then in the 
third section of this chapter we will make a few remarks to conclude this thesis. 


A. USING THE ALGORITHM WITH VARYING ASSUMPTIONS 
The assumptions listed above lead to the P(K) i. as described by this model. 


Therefore, if any of these assumptions do not hold, the formula we derived for 
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computing the P(K) iy values may not be appropriate. Hence, the discussion that 
follows actually concerns computation of the P(K) i. under different assumptions. 

We will first consider our assumption that all of the enemy’s fire is unaimed. 
Clearly, this assumption would not hold when the enemy can select specific targets for 
his weapons, and our model can be enhanced by including aimed fire in this case. 
There are two types of weapons that would have to be considered for aimed fire: 

® weapons that would be fired only at specific targets, and 

¢ weapons that could be fired in either an aimed or unaimed mode. 
An anti-tank missile, which would only be used against armored targets, is an example 
of the first type of weapon. Artillery is an example of the second type since it could be 
fired unaimed into a zone for harassment or interdiction purposes, or it could be 
directed against specific targets. | 

For a weapon such as artillery, which can be aimed or unaimed, the planners 
would have to estimate how the enemy would divide its use between the two modes of 
fire. Some of the fires from those types of weapons could be considered aimed and the 
remaining fires unaimed. We would then have two distinct sets of weapons, 1.e., the 
aimed and the unaimed fire weapons. The effect of each set of weapons on an 
individual’s chance for survival could be handled separately. 

All of the unaimed fire could be modeled exactly as discussed in this thesis. To 
incorporate aimed fire we would need to add a third subscript, i, to the zonal firing 
rates. Thus, hii would indicate the estimated rate at which the enemy fires weapon ] at 


MOS iin zone k. For aimed and unaimed fire, 


P(individual of MOS 1 survives a time period of length T in zone k) 


= exp { -T( 2} P(k)... hi + Ley P(K) iy hiv ‘eb (5.1) 


ulw i 


where 


ufw is the set of unaimed fire weapons, and 


afw is the set of aimed fire weapons. 


However, for aimed fire the P(k)... depends upon the firing errors of weapon j, and 
those errors would have to be known to compute the above probability of survival. 
Thus, if the firing errors were known for the set of aimed fire weapons and all hie 


could be estimated, aimed fire could be easily incorporated into our model. 
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We can see from Equation 5.1 that an individual’s chance for surviving a time 
period of length T depends upon the firing rates and the probabilities of kill. For our 
model we computed the single-shot kill probabilities assuming that a weapon’s effects, 
or damage potential, could be realistically modeled with the cookie-cutter concept. If 
there is a more appropriate model for the P(k|d), it could be readily included in our 
casualty stratification model through the calculation of the P(K) values. For an 
unaimed fire weapon, the unconditional single-shot kill probability could be computed 
knowing the function for P(k|d) and the probability density function for d, the miss 
distance. For aimed fire weapons, finding the P(K) i. would also require knowing the 
firing errors as mentioned above. 

In order to compute the PC). we also assumed that an individual’s position and 
all Weapon impacts are uniformly distributed within each zone. These assumptions 
would not be required for the targets and impacts of an aimed fire weapon, and the 
PUK) could be computed as previously described. However, to compute the P(K) for 
an unaimed fire weapon, some distribution would have to be specified for both an 
individual’s position and the weapon impacts. If these distributions were more 
appropriate or realistic than the uniform distributions we assumed, they also could be 
incorporated in the model through the calculations of the probabilities of kill. 

We can summarize this section by stating that different assumptions concerning a 
weapon’s damage ability, the firing errors of an aimed weapon, the impacts of a 
unaimed weapon, or an individual’s location can be accommodated by our model 
through the calculation of the P(K i in Equation 5.1. Depending upon the functions 
for P(kld) and the probability density functions for the firing errors of the aimed 
weapons, the impacts of the unaimed weapons, and an individual’s position, there may 
be closed form solutions for P(K). or they may have to be determined numerically or 


by a Monte Carlo technique. 


B. MODEL DATA NEEDS 

We have seen that our model requires specific data to compute the casualty 
estimates, and in this section we will consider the data that must be supplied by the 
planners. These data are the proportion of a time period that individuals of each MOS 
and rank would spend in each zone (the a.,,) and the Zonal firing rates (the hiv): 
Obviously, the data can be obtained by simple, subjective estimation. However, for 
each set of data we will discuss a method for obtaining somewhat more objective and 
realistic values. We will first discuss finding values for the zonal firing rates and then 


the time proportions. 
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If the function for the firing rate of a weapon over time, I(t), is known, finding 
the constant A would be quite easy. However, if I(t) is not known, it might be difficult 
to properlv estimate the firing rates. Clearly, the firing rates might not be known for a 
scenario, but perhaps a separate model could be developed to estimate the decrease in 
the enemy's firing rates over the time of the battle. There are models, readily available, 
to do just that, but they require the additional input of attrition coefficients. However, 
the usefulness of our casualty stratification model would be greatly enhanced by a 
method to estimate the function I(t) for each tvpe of weapon in the enemy’s arsenal. 

There are other realistic situations which can be taken into account by the values 
assigned to the firing rates in our model. For instance, the firing rate of a weapon 
could be limited by the enemy’s ammunition resupply capabilities, or the firing rate of 
an aimed weapon could depend upon the enemy’s ability to detect targets. These are 
matters which would have to be considered by the planners ‘during the process of 
estimating the zonal firing rates, but the model requires no modification to 
accommodate these possibilities. However, there are situations which our model can 
not easily handle. For instance, it 1s likely that some of the firing rates might be 
dependent, and incorporating dependent firing rates would require structural change in 
the model. 

We will now discuss estimating the a... In our model these proportions are 
actually parameters which account for the amount of time individuals of MOS 1 and 
rank h are exposed to the hazards in zone k. Thus, they reflect one of the three 
fundamental factors, 1.e., location on the battlefield, and their estimation warrants 
some effort. 

Values for the a, can be obtained by soliciting expert opinion. One technique 
which can be used has been termed the constant sum method [Ref. 3]. This method 
uses a least squares approach to determine ratio scale values from the subjective inputs 
of judges. This method could be used with any number of judges and requires onlv 
modest computational effort, but the questionnaires would be lengthy in this situation. 
However, this is one method which could be used to provide somewhat more realistic 
values for the @,,, thereby enhancing the usefulness of our model. 

In this section we discussed how the data, which must be supplied by the 
planners, can be obtained by means other than simple, subjective estimation. The 
usefulness and realism of our casualty stratification model would be greatly enhanced 


by implementing the procedures mentioned. Unfortunately, however, the costs of the 
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enhancements discussed, in terms of obtaining the additional data required, could be 
rather high. 


C. CONCLUSIONS 

' The algorithm and model developed in this thesis are conceptually simple. The 
model does not require a great deal of data, and the casualty estimates are easily 
computed. We have discussed how the algorithm can be enhanced for added realism in 
situations where our assumptions would not be valid, and we have seen that there are 
methods which can be used to obtain some of the data required by our model. It is 
sincerely hoped that the effort embodied in this thesis will be beneficial to those faced 


with the problem of forecasting battle casualties by MOS and rank. 


32 


J 


List OF REFEREN@ES 


Ross, S. M., Introduction to Probability Models, Academic Press, Inc., 1985 
Department of the Army Pamphlet No. 70-5, Mathematics of Military Action,. 
Operations and Systems, Headquarters, Dept. of the Army, Washington, D.C., 
January 1968 


Torgerson, W. S., Theory and Methods of Scaling, John Wiley & Sons, Inc., 1958 


38 


(2 


INEREAE DIstRipUTioON List 


Defense Technical Information Center 
Cameron Station 
Alexandria, VA 22304-6145 


Library, Code 0142 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Commandant of the Marine Corps 
Code MPP-40 

Headquarters U. S. Marine Corps 
Washington, D.C. 20380 


Professor G. F. Lindsay 
Code 55Ls 

Naval Postgraduate School 
Monterey, Ca. 93943-5000 


Professor H. J. Larson 
Code 55La 
Naval Postgraduate School 


' Monterey, Ca. 93943-5000 


Commanding Officer 
(Attn: Major S. J. Antosh) 
MAWTS-1, MCAS 
Yuma, Az. 85369-6073 


34 


No. Copies 
Ps 








SUSEES See + ne 
| NAVAL Pui 'E 6CHOOL 
| MONTBREY, CaLisriunilla 93943-8008 















































































































... a 
rt . wpinhs re ,2a4 4 * P ‘ 
rj “ Rung d008 sf c os a ‘ i 
* ' oe gan} ‘ 4 
Fhe! 6h 8 obs hia pae- aed Pt 8 wads epeee ' , ‘6 
F ty toa? go alt » sh anh OsGead 1 te ry 1 ' e s ¢ "pk 6 
4. « t ' 4 ‘ 4 iy 24 dot 2 esete i 
r : ‘ fos ' QcaBea, tr ¢. ' ~ 
nf ‘ ‘2 t i J > 4 be ? f 
aT sd 4 *, '¢ ‘ ® 1? 5 4 ' : ’ 
P . : *» e; ' + 49> 4 J . 
» j ‘ tos J ’ af f £5 Ud LU | ft: 
% , ims mt : 2 
¥ ee Pt. ye) ry . a . 54 4 ‘ 
i a 4 . ttef | iefra i] ' 1 i 
tee ha» 4 ‘ ‘ ar Pa “4 t 
5 4.85.9 ' . a : " = « ' § t mat 
#p a. rats a « ane ® e 
r hat ' a2 . t H " td 1 F r a 
ei ee ae i "0 . . f ‘ e ts ‘ 
of ius.ae #6 a& ‘ s . 4 ” draf ‘ ' 4 9 a 
bay fi iV . t ari eK & ‘ gests at 4 
Pwr ' “ a 1 as ae ¢ . ‘ ‘ ver 
Agtoet O:°0y@ Sod she bled , ’ he A ' ? P oe 
0 Rae vas? +P rhe * s ' ar * ‘ - 
dak ap . Apt tet. t ' é r 4 tok.¢ het y ". wer bo ‘ws , 
"de 4 r wep mes on | get air 4 r Bf Ratet ¢ ‘ 
$46 Pee, GOA a* ' © @4 LAA Age oF ¢ a % , ry Bae ar a a »o 6 ’ 1 
‘i del # atk % » gt oa 2éoi -t Ht ‘ z adurs af m Vs te 
t tray Ca dt . are an oe | s ’ 4 
Ass Oh ot 0 z oe . ma et "@ ry | te iy om het 
* ern tge esis 4 AZt.p a Apts ° r ands tot erh aol a? 4 Away er? ’ 
OWL at ahivie hyd . te Aa ty = gt i ‘ pt. el AB ' +4 os 
OS Feral eh of way ah ©) ad * hou be J 6 Os " ' 
ik) s \ mete Soe te ow a’ oF tal s +) ‘ Age ’ 
te O ane th odes va 6 det awl aces i Le 1 * 4 
b 4o00 ot ef Auto ss *) eAtrlap 0446% 4 ' a . 
LP ate Hr tr onabere F ® ay £08 0.4 piesa ven 19eh * ’ PS 
shagegapies # Bp Me Bie ms 10 Mateos , 1 pe, te 
Botan es pe ots Cte fot sts #08 \, is bet> s ' , e v 
open at ab at ARES CLA E AG ERED 4:58 Ogant ‘ d 
bean Por Wott Pov iC ETT eer - Ae ot 
Connie 3 ° Rho Elon? 8 1 rer > oo ‘ ® ’ 
ea) wey ae ait otere fe? af ts @ est ® ‘ a a 4 
ft FORMess 0 oR ok pargretyena d bm i pene fae ry ‘ 
Hi as “4 ha Let : win te tote d ' * F a 
Hed nd weet ey) ‘ ye fi oe,0 Une ‘ 
Bh sBmPrs 4 OS Le LampetteLeeey L16 ‘ 4 tae oe 
| oadms en AML od ord Gide P] ose tae Le ' Sa 4 @ 
Ms acre Me 1 Raee Patera catethe & e o¢ t ev a | 
1 9h eeet4i ne pis a sl peochuness a0 Pe ‘ ; te e das F 
4Aigto 4G UNO otine - FURNES egt Ate TP ey oe ee ee ‘s etoata é . « d 
Hind atn® rend ee « wo goth aparas dO wey ) aree Qetshede ‘ 4 only Gee # spt a Je 
W Qter MA erent otek Fil # ot rhe gr ere r ' apeeh «© Veeotifs he % . telus 
trod yh obacmlon iT) a [aay Teed oh DOG! 07.0 hha ' ‘ cP) a Tn ee ee s a rn) ‘ 1 
Kea atte Pree Pir tases P ° CoB teres z re eee t s fe . 8 sone 
' eo Pye eha tes APO P Pot are ots tet + of of a pene deo 8 eet be 6 U A) ‘ 
nis cone & as ob , e ens eerebt 4 oel ree 4 4 aiewe@e eo te se0se o 6 
wPod 00 oont gatos a4 ote bend! ber ete tee se ooh PK tof a 8 bo ga a foe eee s 8 
9 PF 8 MeO eaare Mtetts gheh *F t> aa eseeRe God oe oe theo? ps '‘ eo ¢ Jee Prcon f 
ot are. satw toto plegedca ' betes gg da. tha oy ° a4 © oees*sa 6 ‘ te 1 pee 
b OF orto od OF nee p rae Medes ehol Srha te fore + 2e piav tye seat ss 
Rae | tan erts er & put beet g @ 04+ paerteeel is Lt i $e Vober 
Oy se eons mnt gat Sof US eg ae we ff ° % AnFeg.e © pF te bas . we af ¢ ‘ as 
Pot ot Sytetanak,« # Hopes tne” sot Ping erase pe GR ot 10@ i¢ eee 
OsF Cormt F bat Heee e ehathars of @ Ob 444nt epee tee Sh Fe ard>e ar” e 8 D eae . 
MM rleAwde heat Ow Relem le Pw rdolsberes AEP ertreph 21h t deone i As oe 
SOMreg teh © Od Putctrt en % pot de KIO Heh a wee tee chi ‘ 
” Bb . abt ch abraebotee 4 st ot tae tet Pad Vahel set detery® ¢ ‘ es ae s 'e 
Cote, What cOFet he fotte oh Bee 8 0 8 Meta? The? ey ne | ter ey! a er sor 
ove # © He total 14056 shtoet & Pu ter Ke Feu e , Gee © 4 BLA podet hs + @e ai ’ 
Patgeoe 1,0 eo Pe Phwolrt pee o! Arh Bot 2 teen ave ¢ e atefe® ’ ’ SAG e ris 
CaO tee Le 2 epreticd =p toler s fie ote Oo Fo vee Hoe pect 404,80 09 &% ’ . ’ ary 
a te fre. . teae a uty bh tog Or OEr wet Bree Sh be Mee et © t ° ms ¢ tebe 
© Shh ates Ped gtenrs of rr Le  s phtrdetot tees o ‘om? # 4 ’ ‘ nie oe 
. ,* (ak oe ts ° of @ Setnt oP ott ease cert baeet "ghee te ’ oe 8 ‘ 
. a@ves Ler mots "90 prtee CePte ct & sO «hF 2 to've gaa @ ) ae ee i) ‘ 
" #0 Pee, gt wm Pans ” 3 Cee Fete 4 ‘ fre 9g@ Seefea® ‘6 e a) 
: al Po eos 'om oe hese Bardts Sef & ‘ ooo Mit Aptst # *% & eo 3 3 j 
‘ +¢ Pelestdne eof id &.» ¢ Petr set ¢ a | ' wi etet ats ot ee 4 * ee ey | t ye e © Bae 
ordi ogatgte Smbect to te Fant Pater 2 908 a ae ee ee | é e Oe . fits ‘4 + Pee a er 
Poort w eochase oLet « ‘ ete ry ee ee en fe 4 © de ~! ‘ a8 ‘ ’ 
Fut@e Gedo hela PuP-one ? @evs dA OE a, Pee,s * © * err” 4 ‘ a? belo 4 e Uel § ¢ B8e 
He eet § ehartmeoe of ef A@oe 4 eerte 4 so. é eer «4 epietatetote o be Opt Ou t oe oe Cen e one e 
i, ee ee ee alee ae ¢ ewe ee pites ee Ls ben pore Pe) er eo ee ee ee ? or 
outst « om ooh ims “. seotepea ee te + © © Pee os Bo GeO yh omaus a! i Tie | seope re . 68 
odotet © Fah hes = One © © « @y8 PT ee oe foes" 4 @ gob! . 0 054 ee ae; zs 
te OHO ert od ootbue dé of bor wath oteo® ta # bed F 6 ope 6 ts ‘ Soe 
ord Oya tae » e ee set wt aty ‘,coo,f res ° sie ‘ ar) 
iv See oe Oro Pontor ee ee ee ee er ee ee er aa Sd ‘ t a ay, fet 
‘ te i? @heos Ce es eres seeel © oe © Fg oe 6 o@ ‘ . 8 
“ad te' ot 2 ey che8 © * aM e « ‘ ’ Aye 
seee* é @ %, F ¢ *e8 % fe e he | h. ee ar 
‘ e%° . . e e «te an 
fotne @ . D 4. tse 1. we 
sPeh ef 4n* * bet "Getme stp eenret se 
ofoe.e . s Ch | de . 4) je ot * 
a ee Ls Ce e a + Bo 
‘ ee" © «et . 7h 06* eu . r) se 
ome fe a3 eas 2 @He® . er he 4 ° eee 
J oe Eghald® @ i A er pre 6! of e° Pi ° ‘ ' ? ‘ o 
Ce cet OHS Onhe stag ‘ . oo oe | Lie re | ee ' 
ePornnet oat "e 4 te «oe! see ent e te tere 
te. . r e ' ° ® none 
ee 88 be 8 pest oad! ee ¢ ene ee > = 
i ¢onnep ! cate ¢ rom ‘ ‘ . eae 
o sete tegnes & oe é 18 9 =e .* eo? o¢ 
teWal sotsertsout & teed % & FH s e-. ot . 
oe \a be se were bby to. “ 4 ’ e @eeoer er a 
t ended itare gst 6 0b8 Boe eh OF ot Fe De CH Te Boar tent dhe ot oe ah 
’ west © 2 este Gee suerte a wet $23. 8) On ot. @ee P ‘ =«/ 
. Pr oe es er ~ aé Jer "“@e% . ve Poe eee tb pees @ ‘ 
° ore * erect estas pd i . eo" 
se sbue ‘or e.# ° e eoree si ° ee ee ee ee 
ONE torte e © Fn "2 4 F "fe PS 6 6 = oh8 et eet 
“ ge #4058 0% 6 Le tre os Ph 
m4 oO Mere “ey liar pt te Fee ad ee | 
wantheod o@ of Co ar edt te e » sete 
tee Vue 2 8 e%.23 une aé rae 2 | 
ey oo ond on a ee . s ae o #5 wees 
& & ¢¢ . o", @eaedts 46 a lc 
seske bd Ed r 1 es ‘ . 
ae. ‘ 2 


































































































’ , 
os ’f t 
' ° 4 
é ‘ + 6 
seen A 
> ‘ s ‘ * #8 
VM, . ' rome | ‘ 
Ce ee % ‘ *, 
‘ 4e ’ " 
a ’ Vos 
je ) . 
r) ‘ ) 
~ A ‘4% a? q e 
® ‘ ° oo8 
ee 4 
4 er ‘ 1 ® “9 
‘ eel Ha ' ' a ‘ ee 
. 4 ri 4 Sh ae ‘ 
a) '  8e ye ote moe 
eee 
‘ Die ae ‘ oy ' 
L bd LJ oe? a ‘ 
p26 es ° ‘ ? i ' 
‘ caer Oe 3 ‘ ‘ ’ 
epne ae age wie ee ‘ 6 te he 8 ' 
« | t . . ‘ a a 
aoe eet tse@ ig ge 8 4g Oe ry 
4 4 ose ne : . . 
tee a ee) ‘ oe ee’ 
Ve ‘ soe 8 ' a ee ‘ ‘ 
a) Ce °.4 a te 4 sf e 
° 1 he 4 
Jee o » 1 ’ . . 
4 ¢ a _e@ 8 & 458 ae oe ‘ ’ 
an) » ' a. ’ 
’ ° . ' opbe’ F 
’ te r = a) ‘ 
ten ‘ ‘ ‘ tot . ‘ 4 
ter ' ’ r ro of 
Feo * ° « ‘ Ch ee 
oete ° 
a y yet ‘ ’ . oe ' ‘ 
7) . © oot ® teore ‘ @o. 
e+ elt ‘ « ¢ ‘ ’ 
. er j te . 4 
. ’ ’ Yee ‘ . ‘ ’ ‘ 
treo eo @ ‘ ‘ ¢ ‘ on . ' . 
é Lm | . es J ° 8 ’ v 
et Ate é F°, ef «008 a r] . ' 
re ee eu & be8 ‘ ' ) ) 
+ fbe ‘ of ‘ ' ' #4? 
meee ‘es tvs ‘ 1 ere one ty a 
ae ee ‘ 6 vat a se or ‘ 
an ie oe a ’ 2.8 ee 
‘ ‘ ‘ eo eo ‘ ‘ 
. 4 . ‘ | ees Tae i] 4 
ee is Vat oP oon is eee ee ‘ 
s . ' . ef oe . o* ¢@ 
“st te » @ 4 le 0 ' ’ + ¢ 
‘ ° #eve ¢@ 'o4 Cn nd 
8 oe Ce ee | ' en « @ 
: , B Be nn 6 toe 1% 6 ® 
yo. =vs ¢ i ee ee . f ote 8 
mae Le pF 6 8 6 one . er 6 4 
ir ps 8) e i? ‘ +e bon eo te re | 
‘ ‘ 6 ee 8 ‘ * oo 8 
' ee ¢ set J ‘ ‘ Ce a 
* ' « | at . Quis s ote 
| ee, . s 6b ’ 8 [ » oun 6 
‘6 4 7 se ry ee oe 
® eee id ‘ rn ee r) . 6 
8 ° : +e oo. 
st 2 4 e%e . of . este . . 
J ee ot be be ° ¢ eae . 
es ¢ afte $ . a .* ry 1 
. a s J * ae ] « s ee « s ’ . 
e , ‘ +6 0 © ote 8 « "eee ve . 
Beste x8 . ‘ oot soe a 
Ce | » . ¢ ae! o oo8 \ Ca 1 
Jee of oF 0 us = 8 oe ‘ us 
oe 6 "Pe & « a 9 ‘ +. 18 
‘ ¢ e 88 , a ee 4 . 7 
es 2% e ry 8 s? 6 ooo 
os o-4 e4 " aoe ft ore #@ 
a . ‘ of . ~ 
. 
se 
‘ 
» 6 
ee 
1 te 
se e 
. 
‘ 
‘ 
te 1 
1 6 
. 
i] 
. 
4 
° 
‘ 
‘ 
‘ 
. . 
, ee 
. . 
\e 
r) 
H ‘ 
e ° 
a) 
r 
t 
. 
‘ 
P 
‘ 
* . 
4 4 
oe 
‘ 
‘ene 
r) 
° 
ee 
° 
° 
' 
‘ 
oy 
® 
. 
Y 
° ° 
® 
’ 
k 
° 
Tl 
1 








~ ‘ 
’ 
ts 
' 
° 
' 
ae 
' 
‘ . ' 
‘ 
« #86 
' ‘ 
«* ) 
. ' 
' 
' 
' ® te 
' 
° te ' 
’ 
. ‘ 
° 
‘ ® es 
‘ an) 
. e@ ' P 
‘ 
. em #8 
: o> 6 fis 
' ss eo 8 
se 
' a 
ee . 
. ' 
' 
' 
' ’ ’ 
e ' . 
) 
' 
‘ ' 
+ ee | ' 
° ' 
' 
' 
° + ee 
* . 
e. 
' 
or @8@ 
= 6 
' 
’ 
® ‘ 
4 ae OP 
0 ‘ . ¢ 
«8 re 
' 
’ 
tee ' « 
¢- it = re | 
rd 
. 
Aa 
. . te 
. 
: " 
. ee | 
. 
*enret 
° 
' 
Ye es $ 
. tee ie en ' 
68 ‘ 
« ' 4 
. -« 
* 
' w.e¢ ee ® 
_ 48 
4 . = 
‘ ‘ = 
: 1 
. . 
4 
. : 
= se ' 
‘ 
° ‘ 
Per el 
e -F aos 
. . 
. ‘ ' 
' 
: ; 
=e ‘ 
° 
‘ 48 
‘ a 6 
‘ ° 
- ‘ 
° 
e "6 
‘ : 
" 
® ' ' 
° ( . 
- ' * 
e 
. ‘ 
' 
‘ ' 
e ' 
. 
re | ' 
oe os 
et ' 
an) e 
e 
° 
CT] "« 
s 
' 
. 
a ol 
’ 
ee 
mt 
« fe ¢ 
es 
- s 
' 
. . " . 
s 6 
' 
‘ 
’ 
' 
r . 
' 
' ' 
‘ a ) 
. . ' 
’ . ‘. 
' ° 
' 
° 4 ' 
' @ 
’ ' 
se 
' 
tet 
® 
' 
° 
¢ 8 * ° 
" 
. 
‘ 
ee. 
' 
at 
: . 
° 
: . 
' 8 . 
> 5 
' 
: : 
" 
® 


. 
e 
ose 
° 
1 
4 
‘ 
4 
' 
. 
. 
8 
’ 
° 
e 
e 
e 
‘ 
’ 
1 
‘ 
‘ 
. 
' 
' 
. 


